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IN fig. 77, a b c is a section, through the plane of the paper, of the 
dram-tube of the Microscope, in a horizontal position; A is the 
extremity of the axis of the tube, from which the line A B  ia drawn 
perpendicular to the axis, and meeting the plane of the table in the 
point B. If A B, the height of the Microscope from the table, be 

FIQ. 77. 

equal to ten inches, and a camera be placed at A, we shall have 
the arrangement commonly recommended for making drawings and 
measurements of the virtual image of an object, projected upon the 
plane surface of the table. 

With centre A, and radius A B, describe C B D ; take any points 
E, F, in the line EBF,  and join AE,  A F .  Then, since the 
amount of magnification of the object, afforded by its virtual image, 
is dependent, at every point, upon the distance of the image from the 
eye placed at A, an inspection of the figure will show that it is only 
at the point B that me obtain a degree of magnification due to a 
distance of ten inches. At every other point in the surface of the 
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table, such as E, F, we get an amplification due to a distance greater 
than ten inches. 

A little consideration will in fact show, that if we desire to inves- 
tigate the true dimensions of an object by examining its virtual image 
projected upon an area of Zcm.orm magn$cation, we must employ 
for this purpose, not the plane surface upon which such measurements 
are usually made, but a concave spherical surface, having the eye a t  
A for its centre, and for its radius a length of ten inches, or whatever 
other distance may be convenient to the observer, or may be conven- 
tionally agreed upon, as affording a standard by which different 
observations may be compared with one another. 

Fro. i s .  

Reverting to the figure, if E F be a memurement taken across t3e 
image of an object projected upon the plano of the table, the amount 
of magnification deduced from such measurement will be in excess of 
the magnification due to a distance of ten inches, by as much as the 
length of the straight line E B F exceeds that of the circular arc 
C B D ; and any conclusions drawn therefrom, either as to the magni- 
fying power of the glasses employed, or as to the dimensions of the 
object under examination, will be affected with a corresponding error. 

The error here involved may be corrected by a simple ealculation, 
provided care be taken that the line to be measured is so placed (like 
the line E B F in the figure) as to be bisected by the central point of 
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the field; and this can generally be effected with a fair amount of 
approximation to accuracy. 

The line A B, in the figure, being given equal to ten inches, and 
B E  being known by observation, the tangent __ of the angle 

E A B, and hence the angle itself, becomes known ; whence also the 
angle E A F, which is double of E A B, is known; and the linear 
value of the arc C B D can then be taken at  once from the table of 
circular values, to be found in every collection of mathematicil tables. 

The calculation is as follows. 

B E  
A B  

Substituting this value for the measurement E F, we obtain a quan- 
tity which accurately expresses the dimensions of the magnified 
image, due to a uniform distance from the eye of ten inches. 

By applying a similar calculation in every case, all measurements 
taken with the camera upon a plane surface can approximately be 
reduced to their proper values ; it would, however, be much simpler 
and more satisfaotory, where accurate results are of importance, to 
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take our measurements directly along the circular arc C B D of the 
figure; and this is the object of the instrument about to be described. 

A mere inspection of figs. 78 and 79 will indicate the nature of 
the instrument, and its use. 

A, being, as in fig. 77, the extremity of the axis of the Micro- 
scope, L 11 N is a graduated arc of 60°, fitted accurately upon the 
open end of the draw-tube, and secured in the position shown in the 
figure, by means of pins or studs which enter into notches cut upon 
the shoulder of the tube. It is essential that the draw-tube should 
not be able to turn ; in a binocular body this will of course be the 
case, and in all others it must be specially arranged. 

0 P is a radial arm, which, together with A It, attached to it a t  
right angles, swings freely about the axis of the Microscope. At P is 
placed a projecting piece, shown separately in fig. 80, which may be 
termed the speculum ; this piece is slipped over the end of the radial 
arm 0 P, and kept in position at  right angles to it by a binding 
screw. The speculum may be placed with either face uppermost ; one 
being white with a black central line, the other black with a white 
line. 

The arc M N is divided into degrees and parts (not shown in the 
figure) ; and at R there is a vernier, reading to the tenth of a part. 

To use this instrument, a camera being placed at  A, any part of 
the image of an object in the Microscope can readily be brought upon 
the face of the speculum ; one edge of the image being then brought 
into contact with the line on the speculum, the arm 0 P is swung 
round until the same line coincides with the opposite edge, and the 
angle passed through is read off upon the arc M N. 

This will give the dimension of the image, with perfect accuracy, 
measured along the circular arc C B D in fig. 77, and therefore upon 
an area of uniform magnification; the linear value of the measure- 
ment, to any radius, being ascertained at once from the table of 
circular arcs. 

It is to be noted that the instrument will give accurate measure- 
ments only in one plane; that, namely, which cuts the axis of the 
Microscope vertically, at its point of intersection with the reflecting 
surface of the camera ; the image should therefore be so adjusted that 
the required measurements may lie along the diameter in which the 
field is intersected by this plane ; this will coincide with the horizontal 
diameter of the field, as presented to the observer looking through the 
camera. 

It is also obvious that the action of the instrument is independent 
of the inclination of the Microscope body, or of its distance from the 
table ; all that is requisite is that the radial arm shall have room to 
swing. The graduated arc may be of any dimensions, and the 
speculum may be adjusted to any length of radius to  suit the 
observer's sight. In  the instrument which Mr. Holtzapfel has made 
for the writer, the arc has a radius of ten inches, and is graduated in 
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degrees, halves, and quarters. The least division therefore contains 
fifteen minutes ; and by help of the vernier, readings may be taken 
to a minute and a half of arc ; the linear value of which, to a radius 
of ten inches, is less than the 1/200 of' an inch. 

When constructed upon this scale the instrument requires a 
somewhat massive stand to support i t ;  but it could easily be made 
smaller and lighter, though with some loss of range in the graduation. 

The black face of the speculum will be found useful, in cases 
where the field of the Nicroscope is feebly illuminated ; it being often 
easier in such cases to catch the outlines of the image upon a dark 
surface, than upon a light one. 


